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2

first bandwidth , and communicating with a network using
the determined downlink and uplink resources .
Various aspects and features of the disclosure are

EQUIPMENTS

described in further detail below.

CLAIM OF PRIORITY UNDER 35 U.S.C. § 119

5

BRIEF DESCRIPTION OF THE DRAWINGS

This application is a continuation application of, and
claims the benefit of priority from , U.S. patent application

FIG . 1 is a block diagram conceptually illustrating an

Ser. No. 13 /756,938 , filed Feb. 1 , 2013 , which in turn claims

example of a wireless communications network, in accor

004 filed Feb. 3 , 2012 , and U.S. Provisional Patent Appli
cation No. 61 / 595,466 filed Feb. 6 , 2012 , all three applica
tions being assigned the assignee hereof and expressly

FIG . 2 is a block diagram conceptually illustrating an
example of a frame structure in a wireless communications
of the pre
network , in accordance with certain
disclosure .
FIG . 2A shows an example format for the uplink in Long
Term Evolution (LTE ), in accordance with certain aspects of
the present disclosure .
FIG . 3 shows a block diagram conceptually illustrating an
example of a Node B in communication with a user equip
ment device (UE ) in a wireless communications network , in
accordance with certain aspects of the present disclosure.
FIG . 4 illustrates an example network frequency spectrum
configuration for Uplink and Downlink transmissions by
low cost UEs .
FIG . 5 illustrates an example network frequency spectrum
configuration for Uplink and Downlink transmissions by
low cost UEs , in accordance with aspects of the present
disclosure.
FIG . 6 illustrates an example network frequency spectrum
configuration for Uplink and Downlink transmissions by
low cost UEs , in accordance with aspects of the present
disclosure .
FIG . 7 illustrates an example network frequency spectrum
configuration for Uplink and Downlink transmissions by
low cost UEs , in accordance with aspects of the present
disclosure .
FIG . 8 illustrates an example network frequency spectrum
configuration for Uplink and Downlink transmissions by
low cost UEs , in accordance with aspects of the present
disclosure .
FIG . 9 illustrates example operations that may be per
formed by a UE , in accordance with aspects of the present

benefit of U.S. Provisional Patent Application No. 61/595 , 10 dance with certain aspects of the present disclosure .

incorporated by reference herein in their entireties .
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BACKGROUND
I. Field

Certain aspects of the disclosure generally relate to wire
less communications and, more particularly , to techniques
for assigning resources for low cost user equipments (UEs ).
II . Background
Wireless communication networks are widely deployed to
provide various communication services such as voice ,
video , packet data , messaging, broadcast , etc. These wireless networks may be multiple - access networks capable of
supporting multiple users by sharing the available network
resources . Examples of such multiple - access networks
include Code Division Multiple Access (CDMA ) networks,
Time Division Multiple Access ( TDMA) networks, Frequency Division Multiple Access (FDMA) networks,
Orthogonal FDMA ( OFDMA ) networks and Single - Carrier
FDMA (SC -FDMA ) networks.
Awireless communication network may include a number
of base stations that can support communication for a
number of user equipments (UEs ). A UE may communicate
with a base station via the downlink and uplink. The
downlink (or forward link ) refers to the communication link
from the base station to the UE , and the uplink (or reverse
link ) refers to the communication link from the UE to the
base station .
A base station may transmit data and control information
on the downlink to a UE and / or may receive data and control
information on the uplink from the UE . On the downlink, a
transmission from the base station may observe interference
due to transmissions from neighbor base stations . On the
uplink , a transmission from the UE may cause interference
to transmissions from other UEs communicating with the
neighbor base stations . The interference may degrade per
formance on both the downlink and uplink.

20

25

30

35

40

disclosure .

45

DETAILED DESCRIPTION

The techniques described herein may be used for various
wireless communication networks such as CDMA, TDMA,
FDMA, OFDMA, SC - FDMA and other networks. The terms
50 “ network ” and “ system ” are often used interchangeably. A
CDMA network may implement a radio technology such as
SUMMARY
Universal Terrestrial Radio Access (UTRA ), cdma2000 , etc.
UTRA includes Wideband CDMA (WCDMA) and other
Certain aspects of the present disclosure provide tech
variants of CDMA . cdma2000 covers IS - 2000 , IS - 95 and
niques for managing resources , for example, by a low cost 55 IS - 856 standards. A TDMA network may implement a radio
technology such as Global System for Mobile Communica
user equipment (UE ) .

Certain aspects provide techniques, corresponding appa
ratus and program products, for wireless communications by

tions ( GSM) . An OFDMA network may implement a radio
technology such as Evolved UTRA ( E -UTRA ), Ultra

a user equipment (UE ). The techniques generally include Mobile Broadband (UMB ) , IEEE 802.11 (Wi-Fi), IEEE
determining a first bandwidth, within a second bandwidth, 60 802.16 (WiMAX ), IEEE 802.20, Flash -OFDM?, etc.
for resources available for downlink data transmissions, UTRA and E -UTRA are part of Universal Mobile Telecom
wherein the first bandwidth is greater than the second munication System (UMTS ). 3GPP Long Term Evolution
bandwidth, determining a third bandwidth for resources ( LTE ) and LTE - Advanced (LTE - A ) are new releases of
available for uplink transmissions, wherein a bandwidth for UMTS that use E - UTRA . UTRA , E -UTRA , UMTS , LTE ,
resources available for uplink transmissions is different than 65 LTE - A and GSM are described in documents from an
the bandwidth for resources available for downlink trans organization named “ 3rd Generation Partnership Project”
missions , and wherein the third bandwidth is greater than the (3GPP ) . cdma2000 and UMB are described in documents

US 10,813,100 B2
3

4

from an organization named “ 3rd Generation Partnership
Project 2” (3GPP2 ) . The techniques described herein may be
used for the wireless networks and radio technologies men

For asynchronous operation, the eNBs may have different
frame timing, and transmissions from different eNBs may
not be aligned in time . The techniques described herein may

Example Wireless Network

backhaul. The eNBs 110 may also communicate with one
another, e.g. , directly or indirectly via wireless or wireline

tioned above as well as other wireless networks and radio be used for both synchronous and asynchronous operation .
technologies. For clarity, certain aspects of the techniques 5 A network controller 130 may couple to a set of eNBs and
are described below for LTE /LTE - A , and LTE /LTE - A ter
provide coordination and control for these eNBs . The net
work controller 130 may communicate with eNBs 110 via a
minology is used in much of the description below .

FIG . 1 shows a wireless communication network 100 ,

10 backhaul.

The UEs 120 ( e.g. , 120x, 120y) may be dispersed through

which may be an LTE network . The wireless network 100

out the wireless network 100 , and each UE may be station

may include a number of evolved Node Bs (eNBs ) 110 and
other network entities. An eNB may be a station that

ary or mobile . A UE may also be referred to as a terminal,
a mobile station , a subscriber unit , a station , etc. A UE may

communicates with user equipment devices (UEs) and may 15 be a cellular phone , a personal digital assistant (PDA) , a
also be referred to as a base station , a Node B , an access wireless modem , a wireless communication device , a hand
point, etc. Each eNB 110 may provide communication held device , a laptop computer, a cordless phone, a wireless
coverage for a particular geographic area . In 3GPP, the term local loop (WLL ) station, a smart phone, a tablet, a netbook ,
" cell” can refer to a coverage area of an eNB and / or an eNB a smartbook, an ultrabook , instruments /sensors /monitors
subsystem serving this coverage area , depending on the 20 (e.g. , power meters, water meters, heart rate monitors,
context in which the term is used .
temperature sensors , moisture sensors , positioning devices ),
An eNB may provide communication coverage for a etc. A UE may be able to communicate with macro eNBs,
macro cell , a pico cell , a femto cell , and / or other types of pico eNBs, femto eNBs , relays, etc. In FIG . 1 , a solid line
cell . A macro cell may cover a relatively large geographic

with double arrows indicates desired transmissions between

area (e.g. , several kilometers in radius ) and may allow 25 a UE and a serving eNB, which is an eNB designated to
unrestricted access by UEs with service subscription. A pico serve the UE on the downlink and / or uplink. A dashed line

cell may cover a relatively small geographic area and may with double arrows indicates interfering transmissions
allow unrestricted access by UEs with service subscription. between a UE and an eNB . For certain aspects, the UE may
A femto cell may cover a relatively small geographic area comprise an LTE Release 10 UE .
( e.g. , a home) and may allow restricted access by UEs 30 LTE utilizes orthogonal frequency division multiplexing
having association with the femto cell (e.g. , UEs in a Closed (OFDM ) on the downlink and single -carrier frequency divi
Subscriber Group (CSG) , UEs for users in the home , etc. ) . sion multiplexing ( SC - FDM ) on the uplink. OFDM and
An eNB for a macro cell may be referred to as a macro eNB SC - FDM partition the system bandwidth into multiple ( K)
( i.e. , a macro base station ). An eNB for a pico cell may be orthogonal subcarriers, which are also commonly referred to
referred to as a pico eNB (i.e. , a pico base station) . An eNB 35 as tones , bins , etc. Each subcarrier may be modulated with
for a femto cell may be referred to as a femto eNB (i.e. , a data . In general, modulation symbols are sent in the fre
femto base station) or a home eNB . In the example shown quency domain with OFDM and in the time domain with
in FIG . 1 , eNBs 110a , 110b , and 110c may be macro eNBs SC - FDM . The spacing between adjacent subcarriers may be
for macro cells 102a , 102b , and 102c , respectively. eNB fixed , and the total number of subcarriers ( K) may be
110x may be a pico eNB for a pico cell 102x . eNBs 110y and 40 dependent on the system bandwidth . For example, K may be
110z may be femto eNBs for femto cells 102y and 102z , equal to 128 , 256 , 512 , 1024 , or 2048 for system bandwidth

respectively. An eNB may support one or multiple ( e.g. ,

three ) cells .

The wireless network 100 may also include relay stations.
A relay station is a station that receives a transmission of
data and /or other information from an upstream station ( e.g. ,
an eNB or a UE ) and sends a transmission of the data and / or
other information to a downstream station (e.g. , a UE or an
eNB ) . A relay station may also be UE that relays trans
missions for other UEs . In the example shown in FIG . 1 , a
relay station 110r may communicate with eNB 110a and a
UE 120r in order to facilitate communication between eNB
110a and UE 120r . A relay station may also be referred to
as a relay eNB , a relay, etc.
The wireless network 100 may be a heterogeneous network (HetNet) that includes eNBs of different types, e.g. ,
macro eNBs , pico eNBs , femto eNBs, relays, etc. These
different types of eNBs may have different transmit power
levels , different coverage areas , and different impact on
interference in the wireless network 100. For example,
macro eNBs may have a high transmit power level (e.g. , 20
watts) whereas pico eNBs , femto eNBs, and relays may have
a lower transmit power level ( e.g. , 1 watt) .

The wireless network 100 may support synchronous or

of 1.25 , 2.5 , 5 , 10 , or 20 megahertz ( MHz ) , respectively. The
system bandwidth may also be partitioned into subbands.

For example, a subband may cover 1.08 MHz , and there may
45 be 1 , 2 , 4 , 8 , or 16 subbands for system bandwidth of 1.25 ,
2.5 , 5 , 10 , or 20 MHz , respectively.
FIG . 2 shows a frame structure used in LTE . The trans
mission timeline for the downlink may be partitioned into
units of radio frames . Each radio frame may have a prede
50 termined duration ( e.g. , 10 milliseconds (ms)) and may be
partitioned into 10 subframes with indices of 0 through 9 .
Each subframe may include two slots . Each radio frame may
thus include 20 slots with indices of O through 19. Each slot
may include L symbol periods, e.g. , L =7 symbol periods for
55 a normal cyclic prefix ( as shown in FIG . 2 ) or L = 6 symbol
periods for an extended cyclic prefix . The 2L symbol periods
in each subframe may be assigned indices of 0 through
2L - 1 . The available time frequency resources may be par
titioned into resource blocks . Each resource block may
60 cover N subcarriers (e.g. , 12 subcarriers) in one slot .
In LTE, an eNB may send a primary synchronization
signal ( PSS ) and a secondary synchronization signal ( SSS )
for each cell in the eNB . The primary and secondary

synchronization signals may be sent in symbol periods 6 and

asynchronous operation. For synchronous operation, the 65 5, respectively, in each of subframes 0 and 5 of each radio
eNBs may have similar frame timing , and transmissions

from different eNBs may be approximately aligned in time .

frame with the normal cyclic prefix , as shown in FIG . 2. The

synchronization signals may be used by UEs for cell detec
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tion and acquisition. The eNB may send a Physical Broad
cast Channel (PBCH ) in symbol periods 0 to 3 in slot 1 of

blocks in the control section may be assigned to UEs for
transmission of control information . The data section may
subframe 0. The PBCH may carry certain system informa
include all resource blocks not included in the control
tion .
section . The design in FIG . 2A results in the data section
The eNB may send a Physical Control Format Indicator 5 including contiguous subcarriers , which may allow a single
Channel ( PCFICH ) in the first symbol period of each UE to be assigned all of the contiguous subcarriers in the
subframe, as shown in FIG . 2. The PCFICH may convey the data section .
number of symbol periods (M) used for control channels ,
A UE may be assigned resource blocks in the control
where M may be equal to 1 , 2 , or 3 and may change from

section to transmit control information to an eNB . The UE

subframe to subframe. M may also be equal to 4 for a small 10 may also be assigned resource blocks in the data section to
system bandwidth , e.g. , with less than 10 resource blocks . transmit data to the eNB . The UE may transmit control
The eNB may send a Physical HARQ Indicator Channel information in a Physical Uplink Control Channel ( PUCCH )
(PHICH ) and a Physical Downlink Control Channel (PD
210a , 210b on the assigned resource blocks in the control
CCH ) in the first M symbol periods of each subframe ( not section . The UE may transmit only data or both data and
shown in FIG . 2 ) . The PHICH may carry information to 15 control information in a Physical Uplink Shared Channel
support hybrid automatic repeat request (HARQ ) . The (PUSCH ) 220a , 220b on the assigned resource blocks in the
PDCCH may carry information on resource allocation for data section . An uplink transmission may span both slots of
UEs and control information for downlink channels. The a subframe and may hop across frequency as shown in FIG .
eNB may send a Physical Downlink Shared Channel 2A .
( PDSCH ) in the remaining symbol periods of each sub- 20 A UE may be within the coverage of multiple eNBs . One
frame. The PDSCH may carry data for UEs scheduled for of these eNBs may be selected to serve the UE . The serving
data transmission on the downlink . The various signals and eNB may be selected based on various criteria such as
channels in LTE are described in 3GPP TS 36.211 , entitled received power, pathloss, signal -to - noise ratio ( SNR) , etc.
“ Evolved Universal Terrestrial Radio Access ( E -UTRA );
A UE may operate in a dominant interference scenario in

Physical Channels and Modulation , ” which is publicly available .
The eNB may send the PSS , SSS , and PBCH in the center
1.08 MHz of the system bandwidth used by the eNB . The
eNB may send the PCFICH and PHICH across the entire
system bandwidth in each symbol period in which these
channels are sent. The eNB may send the PDCCH to groups
of UEs in certain portions of the system bandwidth . The eNB
may send the PDSCH to specific UEs in specific portions of
the system bandwidth . The eNB may send the PSS , SSS ,
PBCH , PCFICH , and PHICH in a broadcast manner to all
UEs , may send the PDCCH in a unicast manner to specific
UEs and may also send the PDSCH in a unicast manner to
specific UEs .
A number of resource elements may be available in each
symbol period. Each resource element may cover one subcarrier in one symbol period and may be used to send one
modulation symbol, which may be a real or complex value .
Resource elements not used for a reference signal in each
symbol period may be arranged into resource element
groups (REGs). Each REG may include four resource elements in one symbol period . The PCFICH may occupy four
REGs , which may be spaced approximately equally across
frequency, in symbol period 0. The PHICH may occupy
three REGs , which may be spread across frequency, in one
or more configurable symbol periods. For example, the three
REGs for the PHICH may all belong in symbol period 0 or
may be spread in symbol periods 0 , 1 , and 2. The PDCCH
may occupy 9 , 18 , 32 , or 64 REGs , which may be selected
from the available REGs, in the first M symbol periods. Only
certain combinations of REGs may be allowed for the
PDCCH .
A UE may know the specific REGs used for the PHICH
and the PCFICH . The UE may search different combinations
of REGs for the PDCCH . The number of combinations to
search is typically less than the number of allowed combinations for the PDCCH . An eNB may send the PDCCH to
the UE in any of the combinations that the UE will search .
FIG . 2A shows an exemplary format 200A for the uplink
in LTE . The available resource blocks for the uplink may be
partitioned into a data section and a control section . The
control section may be formed at the two edges of the system
bandwidth and may have a configurable size . The resource

25 which the UE may observe high interference from one or
more interfering eNBs . A dominant interference scenario
may occur due to restricted association . For example, in
FIG . 1 , UE 120y may be close to femto eNB 110y and may
have high received power for eNB 110y. However, UE 120y
30 may not be able to access femto eNB 110y due to restricted
association and may then connect to macro eNB 110c with
lower received power ( as shown in FIG . 1 ) or to femto eNB
110z also with lower received power. UE 120y may then
observe high interference from femto eNB 110y on the
35 downlink and may also cause high interference to eNB 110y
on the uplink .
A dominant interference scenario may also occur due to
range extension , which is a scenario in which a UE connects
to an eNB with lower pathloss and lower SNR among all
40 eNBs detected by the UE . For example , in FIG . 1 , UE 120x
may detect macro eNB 1105 and pico eNB 110x and may
have lower received power for eNB 110x than eNB 110b .
Nevertheless , it may be desirable for UE 120x to connect to
pico eNB 110x if the pathloss for eNB 110x is lower than the
45 pathloss for macro eNB 1106. This may result in less
interference to the wireless network for a given data rate for
UE 120x.
In an aspect, communication in a dominant interference
scenario may be supported by having different eNBs operate
50 on different frequency bands . A frequency band is a range of
frequencies that may be used for communication and may be
given by ( i ) a center frequency and a bandwidth or (ii ) a
lower frequency and an upper frequency. A frequency band
may also be referred to as a band, a frequency channel, etc.
55 The frequency bands for different eNBs may be selected
such that a UE can communicate with a weaker eNB in a
dominant interference scenario while allowing a strong eNB
to communicate with its UEs . An eNB may be classified as
a “weak ” eNB or a “ strong ” eNB based on the received
60 power of signals from the eNB received at a UE ( and not
based on the transmit power level of the eNB ).
FIG . 3 is a block diagram of a design of a base station or
an eNB 110 and a UE 120 , which may be one of the base
stations / eNBs and one of the UEs in FIG . 1. The eNB 110
65 may be equipped with T antennas 334a through 334t , and the
UE 120 may be equipped with R antennas 352a through
352r , where in general Tz1 and R21 .
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At the eNB 110 , a transmit processor 320 may receive
data from a data source 312 and control information from a
controller /processor 340. The control information may be

information ( SPRI ) 390 to UE 120. UE 120 may transmit
sounding reference signals ( SRS ) 392 to eNB 110 .
The design of mobile systems for use in LTE networks has
traditionally focused on generating improvements in spec

for the PBCH , PCFICH , PHICH , PDCCH , etc. The data may

be for the PDSCH , etc. The transmit processor 320 may 5 tral efficiency, expanded coverage and enhanced Quality of
process (e.g. , encode and symbol map ) the data and control Service (QoS ) support. This focus has led to wide availabil
information to obtain data symbols and control symbols , ity of high - end mobile devices such as state - of - the - art smart
respectively. The transmit processor 320 may also generate phones, tablets , and the like . However, there is also a need
reference symbols, e.g. , for the PSS , SSS , and cell -specific to support low - cost devices .
reference signal. A transmit (TX ) multiple - input multiple- 10 Certain on - going studies are examining ways in which the

output (MIMO ) processor 330 may perform spatial process
ing (e.g. , precoding) on the data symbols, the control sym
bols , and/ or the reference symbols, if applicable , and may

demand for low cost machine type communications ( MTC )
devices can be met through adjustments or improvements in
networks, such as LTE networks. Ideas under consideration

respective output symbol stream ( e.g. , for OFDM , etc. ) to
obtain an output sample stream . Each modulator 332 may
further process (e.g. , convert to analog, amplify, filter, and
upconvert) the output sample stream to obtain a downlink
signal. T downlink signals from modulators 332a through
332t may be transmitted via T antennas 334a through 334t,
respectively.
At the UE 120 , antennas 352a through 352r may receive
the downlink signals from the eNB 110 and may provide
received signals to demodulators ( DEMODs ) 354a through
354r , respectively . Each demodulator 354 may condition
( e.g. , filter, amplify, downconvert, and digitize ) a respective
received signal to obtain input samples. Each demodulator
354 may further process the input samples (e.g. , for OFDM ,
etc. ) to obtain received symbols. A MIMO detector 356 may
obtain received symbols from all R demodulators 354a
through 354r, perform MIMO detection on the received
symbols, if applicable, and provide detected symbols. A
receive processor 358 may process (e.g. , demodulate,
deinterleave, and decode) the detected symbols, provide
decoded data for the UE 120 to a data sink 360 , and provide
decoded control information to a controller /processor 380 .
On the uplink , at the UE 120 , a transmit processor 364
may receive and process data (e.g. , for the PUSCH ) from a
data source 362 and control information ( e.g. , for the
PUCCH ) from the controller/processor 380. The transmit
processor 364 may also generate reference symbols for a
reference signal . The symbols from transmit processor 364
may be precoded by a TX MIMO processor 366 if appli
cable , further processed by modulators 354a through 354r
( e.g. , for SC - FDM , etc. ) , and transmitted to the eNB 110. At
the eNB 110 , the uplink signals from the UE 120 may be
received by the antennas 334 , processed by the demodula
tors 332 , detected by a MIMO detector 336 if applicable, and
further processed by a receive processor 338 to obtain

reduction of peak rate, reduction of transmit power, and
half -duplex operation.
Since the anticipated data rate for such low - cost devices
is less than 100 kbps, cost savings may be achieved by
operating these devices only within a narrowband width .
Consequently, there is a need for improved mobile system
operations that will allow narrowband operations within
networks, such as an LTE network , without imposing sub
stantial impact on device performance or requiring exces
sively burdensome adjustments to LTE specifications.
Various scenarios may be considered . One deployment
scenario involves setting aside some narrow bandwidth
outside of existing wide bandwidth , e.g. 1.25 MHz , to
support the MTC operations.
In another scenario , low - cost UEs may be operated in
existing large bandwidth . In this manner , low - cost UEs may
co -exist with regular existing ( i.e. “ legacy ” ) UEs .
There are various possible approaches for low - cost UEs in
a large bandwidth . In one approach , low - cost UEs still
operate at the same large bandwidth ( e.g. , up to 20 MHz . )
This may have no standard impact, but also may not be
helpful in reducing cost and battery power consumption .
Another approach , presented herein , involves operating
low - cost UEs within a smaller bandwidth of the existing
wide bandwidth . For example , low - cost UEs may be oper
ated in 1.25 MHz ( 6 RBs ) . However, there may be several
challenges to operate low cost UEs with a minimal impact,
in terms of standards changes and performance.
As illustrated in FIG . 4 , for both DL ( downlink ) and UL
(uplink ), the UE may operate in a small bandwidth ( for
example 1.25 MHZ ) which falls within the larger band
width . The location of the bandwidth in the frequency
spectrum may be anywhere within the larger bandwidth ,
including at the center of the larger bandwidth . Furthermore ,
UL Random Access Channel (RACH ) procedures may uti
lize frequencies near the center of the bandwidth , which may

provide T output symbol streams to T modulators (MODs ) include low cost UEs - based on reduction of maximum
332a through 332t . Each modulator 332 may process a 15 bandwidth , single receive radio frequency (RF ) chains,

decoded data and control information sent by the UE 120 .
The receive processor 338 may provide the decoded data to
a data sink 339 and the decoded control information to the
controller /processor 340 .

20
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facilitate system access by the low cost UEs . Other UL
Significant standard changes may be expected for narrow
The controllers /processors 340 and 380 may direct the 55 band operation in a large band . On the downlink ( DL ) , since
operation at the eNB 110 and the UE 120 , respectively. The the legacy Physical Control Format Indicator Channel (PC
controller/processor 340 , receive processor 338 , and / or FICH )/Physical HARQ Indicator Channel (PHICH )/ Physi
transmissions, however, may be in a different location .

other processors and modules at the eNB 110 may perform
or direct operations/processes for the techniques described

cal Downlink Control Channel ( PDCCH ) may be spread
over the large bandwidth . In some embodiments, different

and / or other processors and modules at the UE 120 may

devices.

herein . The controller / processor 380 , receive processor 358 , 60 signaling methods may have to be introduced for MTC

perform or direct operations 900 in FIG . 9 and / or other
In some embodiments , all Physical Downlink Shared
processes for the techniques described herein . The memories Channel (PDSCH ) transmissions may be restricted to be
342 and 382 may store data and program codes for the eNB narrowband and based on UE reference signals ( RS ) . For
110 and the UE 120 , respectively . A scheduler 344 may 65 control channel, narrow bandwidth support may be achieved
schedule UEs for data transmission on the downlink and /or by the new control channel ( PDCCH or enhanced PDCCH )
uplink . eNB 110 may transmit static resource partitioning once the channel is configured. One drawback is that many
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procedures ( e.g. , RACH and paging ) may need to be rede low - cost devices is expected to result in some cost savings ,
and more cost savings are expected from limiting DL
fined before ePDCCH is configured.
On the uplink (UL ) , PUSCH /PUCCH may be restricted to bandwidth than from limiting UL bandwidth . The impact
narrow bandwidth . Spec changes may be required to ensure due to DL narrow band operation may be greater than the
PUCCH does not hop across the entire UL bandwidth . 5 impact due to UL narrow band operation.
PUSCH , for low - cost UEs , may co - exist with PUSCHs of
FIG . 6 illustrates another example configuration for low
other UEsthus, there may be scheduling restrictions. Per cost UEs . In this embodiment, the control region portion of
formance loss for both PUSCH and PUCCH may be a downlink subframe may be wideband, but PDSCH may be
expected due to narrowband operation . Frequency diversity limited to a narrow band with a fixed frequency location set
gain may be achieved in the large bandwidth by hopping 10 by standards or by the Radio Resource Control (RRC ) . For
from one resource in the first slot (or one subframe) to the
second slot ( or another subframe) for the same channel. It
may be noted that while for DL narrowband operations the
eNB can power boost the narrowband channels to compen
sate for performance loss due to the narrowband operation,
power boosting for UL may not be possible for power
limited UEs .
Additionally, there may be some impact on various pro
cedures. For example, for System Information Block ( SIB )
decoding, all SIB decoding may be narrowband for MTC .
RACH procedure may be impacted starting from Msg 2 .
Current paging relies on PDCCH that spans the entire DL
bandwidth .
It may be desirable to minimize impact of standards
changes required for the support of low cost devices . Performance impact should be minimized for the support of low
cost devices . Any significant performance impact may imply
reduced coverage and / or additional deployment cost . Low
cost devices may have uneven traffic needs . Typically, the
UL has much more traffic than DL .
FIG . 5 illustrates an example embodiment for low cost UE
operations. As illustrated , downlink transmissions may con
tinue to use narrowband operations, while uplink transmis
sions may occupy the entire large bandwidth . The PUSCH
for low cost UEs may be limited in its size with respect to
consumed resource blocks (RBs ) , but may be unrestricted as
to its location in the spectrum . Furthermore , PUSCH param
eters such as modulation order, rank , etc. , may be
restricted for example, to the use of only quadrature phase
shift keying ( QPSK) or rank 1 transmissions. Furthermore,
the RB size limitation for PDSCH and PUSCH may be
different (e.g. , larger size for PUSCH ) .
Different sizes for DL and UL resources may permit
different sizes DCI for DL grants and UL grants . Typically,
DCI formats 1A ( i.e. , DL grant) and DCI format 0 ( i.e. , UL
grant) have the same size in order to reduce the number of
PDCCH blind decodes . However, with different DL and UL
bandwidths, DCI format 1A and DCI format o may not be
the same size (i.e. , no size matching) . In some embodiments,
low - cost UEs may be specified that in any given subframe,
there is at most one PDSCH — which may simplify decoding
burden .
The example configuration shown in FIG . 5 may mini
mize or avoid impact to existing standards. Furthermore ,
PUCCH or PUSCH may still hop using the entire bandwidth . Additionally, this configuration may serve to address
the traffic imbalance between DL and UL communications
which is a characteristic of low - cost UEs . For example, the
narrow bandwidth provided for downlink transmissions may
be adequate for the amount of downlink activity required of
low cost UEs .
However, this configuration may have some drawbacks.
For example, UL may still need wideband Fast Fourier
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example, the PDSCH may consume the six center RBs . The
subframe where control is transmitted may be the same or
different from the subframe used to transmit PDSCH , allow
ing for cross - subframe assignments and , therefore, relaxed
H -ARQ timing requirements. Additionally, low cost UE
operations may be configured so that in any given subframe,
there is at most one PDSCH .
As seen in FIG . 6 , UL transmissions may operate across
the entire large bandwidth , with the possibility of limitations
imposed on assignment size . Additionally, PDSCH and
PUSCH may have different size limitations . In some
embodiments , all PDCCH may be from a legacy control
region . In other embodiments, some PDCCHs may be from
a legacy region and be from ePDCCH . For example, SIB ,
Random Access Radio Network Temporary Identifier (RA
RNTI ), and Paging RNTI ( P -RNTI) may be sent via PDCCH
and Unicast may be sent via ePDCCH .
Advantages to the approach shown in FIG . 6 may include
little or no UL standard impact, little or no UL performance
impact ( e.g. , PUCCH and PUSCH can still hop using the
entire bandwidth ), it can address the traffic imbalance
between DL and UL for low cost UEs , and little or no DL
standards change impact, and narrow band PDSCHor
narrowband FFT in the data region. Challenges may include
the need for wideband FFT for UL and DL legacy control,
and PDSCH for broadcasts ( e.g. , SIB ) may have to be
scheduled in the center for low cost devices . The same
PDSCH may be used for regular UEs or, alternatively,
regular UEs may be signaled to decode PDSCH of a
different location which may depend on eNB implemen
tation . For low - cost devices , decoding of broadcast can be
made much less often compared with that for regular UEs
(e.g. , on the order of seconds).
FIG . 7 illustrates an example configuration in which the
control region in DL is wideband, but PDSCH only exists in
a narrow band . The location of the narrow band for unicast
PDSCH is fixed (e.g. , 6 RBs ) . In some embodiments, the
subframe where control is transmitted may be the same or
different from the subframe unicast PDSCH is transmitted
(e.g. , cross - subframe scheduling ). The location of the nar
row band for broadcast PDSCH depends on the scheduling
decision . In some embodiments , the subframe where control
is transmitted may be the same or different from the sub
frame unicast PDSCH is transmitted ( i.e. , cross - subframe
scheduling ). It may be advantageous to transmit the control
subframe in a different subframe from the unicast PDSCH
subframe, such that the UE does not need to buffer the entire
bandwidth .
In some embodiments, low - cost UEs may be specified
such that in any given subframe, there is at most one
PDSCH . In this arrangement, broadcast PDSCH may be
more flexibly shared between regular UEs and low - cost
UEs . In some embodiments, the size limitation for PDSCH

Transform ( FFT ) . From low - cost UE perspective , reception and for PUSCH may be different (e.g. , larger size for
of DL channels in a narrow band is generally easier ( e.g. , 65 PUSCH ) .

cheaper ) than in a wide band . Typically it is easier to
transmit than to receive . Thus, limiting DL bandwidth for

FIG . 8 illustrates an example configuration in which the
control region in DL is wideband, but PDSCH is narrow
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band (e.g. , 6 RBs ) and may be located in any part of the large

Whether such functionality is implemented as hardware

scheduled in the entire band . The size limitation for PDSCH

circuits described in connection with the disclosure herein

band based on scheduling decision . In some embodiments , and /or software / firmware depends upon the particular appli
the subframe where control is transmitted may be the same cation and design constraints imposed on the overall system .
or different from the subframe PDSCH is transmitted (i.e. , Skilled artisans may implement the described functionality
cross -subframe scheduling ), such that the UE doesn't need 5 in varying ways for each particular application, but such
to buffer the entire bandwidth . Low - cost UEs may be implementation decisions should not be interpreted as caus
specified that in any given subframe, there is at most one ing a departure from the scope of the present disclosure .
PDSCH . In this arrangement, PDSCH may be more flexibly
The various illustrative logical blocks , modules, and

and for PUSCH may be different (e.g., larger size for 10 may be implemented or performed with a general- purpose

processor, a digital signal processor (DSP ) , an application
FIG . 9 illustrates example operations 900 that may be specific integrated circuit ( ASIC ) , a field programmable gate
performed , for example, by a UE , in accordance with aspects array (FPGA ) or other programmable logic device, discrete
of the present disclosure . The operations 900 begin , at 902 , gate or transistor logic , discrete hardware components or any
by determining a first bandwidth , within a second band- 15 combination thereof designed to perform the functions
width , for resources available for downlink data transmis
described herein . A general -purpose processor may be a
PUSCH ) .

sions , wherein the first bandwidth is greater than the second microprocessor, but in the alternative, the processor may be
bandwidth . At 904 , the UE determines a third bandwidth for any conventional processor, controller, microcontroller or
resources available for uplink transmissions, wherein a state machine . A processor may also be implemented as a
bandwidth
for resources available for uplink transmissions is 20 combination of computing devices, e.g. , a combination of a
different than the bandwidth for resources available for DSP and a microprocessor, a plurality of microprocessors,

downlink transmissions, and wherein the third bandwidth is one or more microprocessors in conjunction with a DSP
greater than the first bandwidth . At 906 , the UE communi core , or any other such configuration .
cates with a network using the determined downlink and
The steps of a method or algorithm described in connec
uplink resources.
25 tion with the disclosure herein may be embodied directly in
Similar ideas as presented herein may also be applied hardware, in a software / firmware module executed by a
when ePDCCH ( a narrowband control channel occupying processor, or in a combination of the two . A software !
legacy data region ) is used for low cost UEs . ePDCCH and firmware module may reside in RAM memory , flash
the correspondingly scheduled PDSCH may not belong to memory, PCM (phase change memory ), ROM memory ,

the same subframe ( cross - subframe scheduling). A low cost 30 EPROM memory, EEPROM memory , registers , hard disk , a

UE can be indicated a first set of subframes for ePDCCH and

removable disk , a CD - ROM or any other form of storage

a second set of subframes for PDSCH . The bandwidth (B1 ) medium known in the art. An exemplary storage medium is
containing ePDCCH and the bandwidth (B2 ) containing coupled to the processor such that the processor can read
PDSCH can both be narrowband . B1 and B2 can be the same information from , and /or write information to , the storage
or different. The two sets can be mutually orthogonal. That 35 medium . In the alternative, the storage medium may be
is , for a low cost UE , a subframe may not contain ePDCCH integral to the processor. The processor and the storage
( or PDCCH ) or PDSCH simultaneously. From the low cost medium may reside in an ASIC . The ASIC may reside in a
UE perspective , in any given subframe, the processing of user terminal. In the alternative, the processor and the
ePDCCH or PDSCH may be always narrowband. Cross storage medium may reside as discrete components in a user

subframe scheduling (ePDCCH is subframe n , and the 40 terminal. Generally, where there are operations illustrated in
corresponding PDSCH in subframe m where m > n ) enables Figures, those operations may have corresponding counter
flexible DL resource management while still maintaining part means -plus - function components with similar number
narrow band DL operation for the UE . The eNB can sched
ing .
In one or more exemplary designs, the functions
ule PDSCH in any location of the wide band, while keeping
the scheduled PDSCH to be narrowband . For simplicity, a 45 described may be implemented in hardware , software /firm
low cost UE can also be configured so that it would monitor ware , or combinations thereof. If implemented in software /
or decode at most N type ( s ) of signals / channels in any firmware , the functions may be stored on or transmitted over
subframe: for example, N= 1 and at most one of the PBCH/ as one or more instructions or code on a computer -readable
PSS / SSS (these three can be viewed as the same type ), or medium . Computer -readable media includes both computer
broadcast PDSCH , or unicast PDSCH , or ePDCCH in a 50 storage media and communication media including any
subframe.
medium that facilitates transfer of a computer program from
Those of skill in the art would understand that information
one place to another. A storage media may be any available
and signals may be represented using any of a variety of media that can be accessed by a general purpose or special
different technologies and techniques. For example, data , purpose computer. By way of example, and not limitation ,
instructions , commands, information, signals , bits , symbols 55 such computer - readable media can comprise RAM , ROM ,
and chips that may be referenced throughout the above EEPROM , CD - ROM or other optical disk storage, magnetic
description may be represented by voltages , currents , elec disk storage or other magnetic storage devices , or any other
tromagnetic waves , magnetic fields or particles, optical medium that can be used to carry or store desired program
code means in the form of instructions or data structures and
fields or particles, or any combination thereof.
Those of skill would further appreciate that the various 60 that can be accessed by a general -purpose or special -purpose
illustrative logical blocks , modules, circuits and algorithm computer, or a general-purpose or special-purpose proces
steps described in connection with the disclosure herein may sor. Also , any connection is properly termed a computer
be implemented as hardware, software / firmware, or combi readable medium . For example, if the software / firmware is
nations thereof. To clearly illustrate this interchangeability transmitted from a website , server, or other remote source
of hardware and software / firmware , various illustrative 65 using a coaxial cable , fiber optic cable , twisted pair, digital
components , blocks , modules, circuits and steps have been subscriber line ( DSL ) , or wireless technologies such as
described above generally in terms of their functionality. infrared, radio , and microwave , then the coaxial cable , fiber
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comprises determining a plurality of bandwidth parts
optic cable , twisted pair, DSL , or wireless technologies such
as infrared, radio , and microwave are included in the defi
for resources available for uplink transmission, or
nition of medium . Disk and disc , as used herein , includes
both ; and
compact disc (CD ) , laser disc , optical disc , digital versatile
at least some of the plurality of bandwidth parts for
disc ( DVD ) , floppy disk and Blu - ray disc where disks 5
resources available for downlink data transmission
usually reproduce data magnetically, while discs reproduce
have different bandwidth sizes , or at least some of
data optically with lasers . Combinations of the above should
the
plurality of bandwidth parts for resources avail
also be included within the scope of computer - readable
able
for uplink transmission have different band
media .
width
, or both ; and
The previous description of the disclosure is provided to 10 means for sizes
communicating
with a network using the
enable any person skilled in the art to make or use the
determined
downlink
and
uplink resources .
disclosure . Various modifications to the disclosure will be
5.
The
apparatus
of
claim
4
,
at least one of the
readily apparent to those skilled in the art, and the generic first bandwidth part or the secondwherein
bandwidth part is config
principles defined herein may be applied to other variations ured based on a capability of the UE
.
without departing from the spirit or scope of the disclosure . 15
Thus, the disclosure is not intended to be limited to the
6. The apparatus of claim 4 , wherein different bandwidth
examples and designs described herein , but is to be accorded parts are configured for different types of signals.
the widest scope consistent with the principles and novel ing7.: An apparatus for wireless communications , compris
features disclosed herein .
20
What is claimed is :
at least one processor coupled with a memory and con
1. A method for wireless communications by a user
figured to :
equipment ( UE ) , comprising:
determine at least a first bandwidth part, comprising a
first portion of a system bandwidth , for resources
determining at least a first bandwidth part, comprising a
first portion of a system bandwidth , for resources
available for downlink data transmissions; and
25
determine at least a second bandwidth part, comprising a
available for downlink data transmissions ;
determining at least a second bandwidth part , comprising
second portion of the system bandwidth , for resources
a second portion of the system bandwidth , for resources
available for uplink transmission , wherein a bandwidth
available for uplink transmission , wherein a bandwidth
size of the second portion available for uplink trans
size of the second portion available for uplink trans
mission is greater than the bandwidth size of the first
mission is greater than the bandwidth size of the first 30
portion available for downlink transmission , wherein :
portion available for downlink transmission, wherein :
determining the at least a first bandwidth part com
determining the at least a first bandwidth part com
prises determining a plurality of bandwidth parts for
prises determining a plurality of bandwidth parts for
resources available for downlink data transmission ,
or determining the at least a second bandwidth part
resources available for downlink data transmission ,
or determining the at least a second bandwidth part 35
comprises determining a plurality of bandwidth parts
comprises determining a plurality of bandwidth parts
for resources available for uplink transmission , or
both ; and
for resources available for uplink transmission, or
both ; and
at least some of the plurality of bandwidth parts for
resources available for downlink data transmission
at least some of the plurality of bandwidth parts for
resources available for downlink data transmission 40
have different bandwidth sizes , or at least some of
the plurality of bandwidth parts for resources avail
have different bandwidth sizes , or at least some of
the plurality of bandwidth parts for resources avail
able for uplink transmission have different band
width sizes , or both ; and
able for uplink transmission have different band
a transceiver configured to communicate with a network
width sizes , or both ; and
communicating with a network using the determined 45
using the determined downlink and uplink resources.
downlink and uplink resources .
8. The apparatus of claim 7 , wherein at least one of the
2. The method of claim 1 , wherein at least one of the first first bandwidth part or the second bandwidth part is config
bandwidth part or the second bandwidth part is configured ured based on a capability of the UE .
based on a capability of the UE .
9. The apparatus of claim 7 , wherein different bandwidth
3. The method of claim 1 , wherein different bandwidth 50 parts are configured for different types of signals.
parts are configured for different types of signals.
10. A non -transitory computer readable medium having
4. An apparatus for wireless communications, compris computer executable code stored thereon for wireless com
ing :
munications, comprising:
means for determining at least a first bandwidth part,
code for determining at least a first bandwidth part,
comprising a first portion of a system bandwidth , for 55
comprising a first portion of a system bandwidth , for
resources available for downlink data transmissions;
resources available for downlink data transmissions;
means for determining at least a second bandwidth part,
code for determining at least a second bandwidth part,
comprising a second portion of the system bandwidth ,
comprising a second portion of the system bandwidth ,
for resources available for uplink transmission , wherein
for resources available for uplink transmission, wherein
a bandwidth size of the second portion available for 60
a bandwidth size of the second portion available for
uplink transmission is greater than the bandwidth size
uplink transmission is greater than the bandwidth size
of the first portion available for downlink transmission ,
of the first portion available for downlink transmission ,
wherein :
wherein :
determining the at least a first bandwidth part com
determining the at least a first bandwidth part com
prises determining a plurality of bandwidth parts for 65
prises determining a plurality of bandwidth parts for
resources available for downlink data transmission ,
resources available for downlink data transmission ,
or determining the at least a second bandwidth part
or determining the at least a second bandwidth part
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comprises determining a plurality of bandwidth parts

for resources available for uplink transmission, or
at least some of the plurality of bandwidth parts for
resources available for downlink data transmission 5
have different bandwidth sizes , or at least some of
the plurality of bandwidth parts for resources avail
able for uplink transmission have different band
width sizes , or both ; and
code for communicating with a network using the deter- 10
mined downlink and uplink resources .
both ; and
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